We measured the discrimination threshold (A0)~ for angle 0, where 0 was either the angle of a Vee composed of two straight lines contained within the frontoparallel plane or the angle of intersection of two straight lines contained within the frontoparallel plane. The two-line pattern was rotated bodily through a random angle between trials with the aim of eliminating the absolute orientation of one or the other line as a reliable cue to the task. We report evidence that this aim was achieved. Our main conclusion is that the ability to discriminate a change in angle 0 cannot entirely be explained in terms of the ability to discriminate changes in the orientations of the individual lines that comprise the Vee. We propose that the human visual pathway contains a neural mechanism that encodes the difference in the orientations of two simultaneously-presented straight lines. Discrimination threshold for angle (A0)Th is roughly twice orientation discrimination threshold for an isolated line. When subjects cannot use the orientation of one or another line as a cue to the task, the plot of (A0)Th VS 0 is approximately fiat between 0----20 and 160 deg.
INTRODUCTION
The current interest in the psychophysics of orientation and orientation discrimination (Andrews, 1967a, b; Blakemore & Nachmias, 1971; Brown & Kortela, 1978; Thomas & Gille, 1979; Scobey, 1982; Caelli, Brettel, Rentscher & Hiltz, 1983; Orban, Vandenbussche & Vogels, 1984; Heeley & Timney, 1988) can be traced back to Hubel and Wiesel's (1962) report that orientation is sufficiently important to merit the anatomical substrate of orientation columns, a substrate so gross that it can be rendered visible to naked-eye examination of the visual cortex (Hubel, Weisel & Stryker, 1978) . Following this physiological finding in cat and monkey, evidence was reported in human for orientation-tuned visual processing at both the physiological (Campbell & Maffei, 1970; Regan & Regan, 1987) and psychophysical (Gilinsky, 1968; Blakemore & Nachmias, 1971; Braddick, Campbell & Atkinson, 1978) levels. The human data are consistent with the suggestion that the spatial aspects of retinal image information are processed through parallel orientation-tuned psychophysical channels whose bandwidth (half-peak sensitivity) is between 10 and 20 deg.
Evidence that any given psychophysical channel is not only tuned to orientation, but also signals orientation is provided by the finding that orientation discrimination *Departments of Psychology and Biology, Room 375, BSB, York University, 4700 Keele Street, North York, Ontario, Canada M3J lP3.
is possible at contrast detection threshold where only one channel is excited. At contrast detection threshold, however, orientation discrimination threshold is very high---comparable to the orientation tuning bandwidth of a psychophysical channel (Thomas & Gille, 1979) . On the other hand, at higher contrast levels orientation discrimination threshold is far lower at 0.2-0.8deg (Andrews, 1967a, b; Westheimer, Shimamura & McKee, 1976; Burbeck & Regan, 1983; Orban et al., 1984) . Psychophysical evidence supports the hypothesis that the reason for this low threshold is the excitation of multiple channels rather than only one channel (Regan & Beverley, 1985) : when several channels are excited simultaneously, orientation discrimination threshold is determined by the relative activity of those excited channels. This "relative activity" concept has been modeled in both line element (Wilson, 1991; Wilson & Regan, 1984) and opponent-process (Westheimer et al., 1976; Regan & Beverley, 1985) formats. So far we have discussed orientation discrimination for a single line, as distinct from the discrimination of the difference in the orientations of two lines in the frontoparallel plane. This latter ability is used when judging the angle of intersection between two lines or in judging Vee angle, e.g. as when judging that the corner of a picture frame is truly a right angle. In a previous study we measured discrimination thresholds for the angle of intersection between two lines in the frontoparallel plane over a range of angles from 20 to 160deg (Regan & Hamstra, 1992) . In the present paper we extend that study to include a control experiment that allows us to conclude that the ability to discriminate a change either in the angle of intersection of two lines or in the angle ofa Vee formed by two lines cannot entirely be explained in terms of the ability to discriminate a change in the orientations of the individual lines.
PRELIMINARY EXPERIMENT

Methods
Apparatus and procedure. The apparatus and procedure were the same as described in Regan and Hamstra (1992) . The chief points were as follows. Two intersecting bright straight lines were displayed on a monitor against a dark background. The two lines were oriented symmetrically about the vertical axis. Since, for the purpose of that study, the two lines joined the opposite corners of an imaginary rectangle of area 0.25 deg 2, the length of the lines depended on the angle of intersection (being shortest for the 90 deg angle of intersection). Each trial consisted of a pair of 1.5 sec presentations. One presentation was of a reference angle of intersection 0REF" In the other presentation, the angle of intersection of the two lines (0WST) was selected by the computer from one of five preset values. The order of presentation of the reference and trial stimuli was randomized within each trial, and the order of presentation of the 10 trials was also randomized. In successive presentations, the length of each line was jittered randomly by up to _+ 20% for the reason stated in General Methods below. The method of constant stimuli was used with temporal two-alternative forced choice. Subjects were provided with two buttons and instructed to press button number one if angle 0 was greater in the first than in the second presentation of the pair, and button number two if angle 0 was greater in the second presentation. details of methods are given in Regan and Hamstra (1992) .
Subjects. Eight subjects were used. Subjects 1, 3
(author S. J. Hamstra), 4, 5, 6, 8 were males. Subjects 2 and 7 were females. All had visual acuity of 6/6 or better. All except subject 3 were paid, and were naive as to the purpose of the experiment. Subjects 1 and 3 were experienced in visual psychophysics.
Results
Plots of angle discrimination threshold vs intersection angle for a range of intersection angles from 20 to 160deg are shown in Fig. I(A-H) for subjects l-8 respectively. The data shown in Fig. 1 (A & C) have been published previously, but were plotted on different axes (Fig. 3 , Regan & Hamstra, 1992) . The lowest value of discrimination threshold ranged from 0.7 to 1.6 deg over the eight subjects. For all eight subjects, discrimination thresholds were low at the smallest and largest values of intersection angle (two to four times lower than the highest threshold). Three subjects showed a small subminimum (factor of two or less) centred on an intersection angle of 90 deg, and extending to roughly 30 deg on either side [ Fig. I(A-C) ].
Discussion
The design of this preliminary experiment did not prevent subjects from using the orientation of one or other line as a cue to the angle of intersection of the two lines. Because the two lines were oriented symmetrically about the vertical they were both close to vertical when the intersection angle was smallest and both close to the horizontal when the intersection angle was largest. It is known that orientation discrimination threshold is lower near the horizontal and near the vertical than at oblique angles (Andrews, 1967a, b; Orban et al., 1984; Regan & Price, 1986) , so that low values of threshold at angles of intersection near 20 and 160deg in Fig. I (A-H) is consistent with the subjects' having used the orientation of one line or the other as a cue to the task of discriminating angle of intersection.
Evidence that orientation discrimination threshold is higher at the two oblique orientations than at either the horizontal or vertical orientation might lead us to expect that, if subjects based their judgements on the orientation of one or the other line, the curves in . At first sight this might suggest that, at least for some subjects, there is something special about a right angle. On the other hand, this might be understood in terms of a report that "oblique effect" is an insufficient description of the effect of orientation on orientation discrimination (Regan & Price, 1986) . When discrimination threshold is measured at closely-spaced intervals round the clock, it is found that a plot of orientation discrimination threshold vs orientation shows multiple peaks and troughs--though these are only roughly periodic and show some intersubject differences. Although orientation discrimination threshold is indeed higher at the two oblique orientations 45 deg on either side of vertical than at the vertical or horizontal orientations (the oblique effect), threshold may fall to a local subminimum at 45deg (Fig. 1 , Regan & Price, 1986) . This might explain the finding that, for some subjects in Fig. 1 , the curve has a trough rather than a peak for a 90deg intersection angle.
A second, and possibly related point, is that several of the curves in Fig The chief difference between the design of this earlier experiment and the design of the study reported below is that in the earlier experiment there was none of the rotation jitter that prevented subjects in Experiment 2 below from using the orientation of one or the other line as a cue to the angle of intersection of two lines or the angle of a Vee formed by two lines.
EXPERIMENTS I-3
General methods
Apparatus. The stimulus was a Vee constructed of two bright lines on a dark background. It was generated by analog electronics of our own design and written 1400 times per sec on an electrostatically-controlled Tektronix ~m model 608 monitor. Viewing was binocular from a distance of 250 cm. Line thickness was 0.02 deg. The mean length of each of the two lines was 0.7 deg except where stated otherwise. The Vee was switched off except during a presentation.
Rationale
In the study reported later we changed the Vee angle (0) either by rotating each arm of the Vee in opposite directions through the same angle [as illustrated in Fig. 2(A & B) ], or by rotating only one arm of the Vee [as illustrated in Fig. 2(C & D) ]. The following discussion applies to both methods of changing angle 0.
Suppose that we measured discrimination threshold (A0)sh for the angle of a Vee by presenting first angle 0~ and then angle 02, after instructing the subject to indicate whether 02 was larger or smaller than 0L. The subject might follow instructions and base all responses entirely on the sign of (02 0~). On the other hand the subject might take into account the orientation of one or the other of the two arms of the Vee. For example, the signs of (/~1--/~2) and (flrfl3) correlate perfectly with the sign of (02-0~) in Fig. 2(A-D) . The subject might also take into account the length of an imaginary line that connects the ends of the arms of the Vee: in Fig. 2(A-D) the sign of [(distance a2b2)-(distance a~b~)] correlates perfectly with the sign of (02-0~).
To prevent subjects from using the orientation of either arm of the Vee as a reliable cue to the task, the Vee was bodily rotated before every presentation as illustrated in Fig. 2(E & F) . The direction of rotation (clockwise vs anticlockwise) was chosen randomly. The magnitude of the angle through which the Vee was rotated was chosen randomly from 256 values between 7.5 and 15deg (see later for how these values were selected). This rotation jitter eliminated any consistent relationship between fl and 0. In Fig. 2~E & F) , for example, the sign of (fl4-fls) is opposite to the sign of (02-01). To prevent subjects from using the distance between the ends of the Vee as a reliable cue to the task, the length of each arm of the Vee was randomly varied on a presentation to presentation basis by up to _+ 30% of the mean length. Two independent random functions were used so that the lengths of the two arms of the Vee were generally different. This arm length jitter eliminated any consistent relationship between distance ab and 0. In Fig. 2(G & H) for example, the sign of [(distance a4b4)-(distance a3b3)] is opposite to the sign (02-0t).
The result of randomly and independently varying the orientation of the Vee and the lengths of the two arms of the Vee was that the only remaining reliable cue to the subject's task was the sign of (02-0t).
Psychophysical procedure
We used the method of constant stimuli. The stimulus set consisted of 10 values of angle 0TESS that were equally spaced about a mean value 0MEAN. We were unable to measure discrimination threshold for values of 0MEAN very close to either 0 or 180 deg, because in these extreme cases the Vees appeared to be single lines of different thickness rather than a pair of lines that intersected at different angles. For this reason we restricted measurements to values of 0MEAN between 20 and 160deg. Presentation duration was 1.0 sec.
The extreme values of 0vEsv were selected to give 100% correct button presses (to prevent the subject from growing disheartened by too many errors). The remaining values produced responses that were concentrated near the 80% correct level [on the grounds of efficiency (Levitt, 1971) ].
Subjects. Two subjects completed Experiments 1-3.
Subject 1 (author R. Gray) was a male aged 24 yr. Subject 2 (author D. Regan) was a male aged 59 yr. Both subjects had binocular visual acuity of 6/6 or better.
EXPERIMENT 1
Methods
Purpose. The purpose of Experiment 1 was to establish a value for the range of angles through which the Vee should be rotated so as to ensure that the orientation of one or the other arm of the Vee did not provide a reliable cue to the task of discriminating the angle (0) of the Vee.
Apparatus. In Experiment 1, one of the two arms of the Vee was switched off so that the stimulus was reduced to a single line.
Psychophysical procedure. We used the method of constant stimuli. The stimulus set consisted of 10 values of line orientation flTESr that were equally spaced about a mean value. Presentation duration was 1.0sec. Subjects were instructed to press button 1 or button 2 according to whether the orientation of the test line was clockwise or anticlockwise with respect to the mean of the stimulus set. This mean value was internalized through practice.
Analysis of data. Data were analysed by plotting the percentage of "clockwise of the mean" button presses vs the line orientation (/~), and using Probit analysis to estimate threshold (Afl),rh, defined as (Afl).rh = 0.5 [(flTEST)75 (flTEST)25], where (flsEsv)75 and (fiTEST)25 were, respectively, the values of line orientation for 75 and 25% "clockwise of the mean" button presses. Each point in Fig. 3 (A-D) was based on 300 button presses. Auditory feedback was provided.
Results
Figure 3(A & B)
shows the results of Experiment 1 in which classical orientation discrimination threshold was measured for a single line created by switching off one of the two lines in the mean Vee angle of 53deg condition. In Fig. 3(A & B) the percentage of "'test line clockwise with respect to the mean of the stimulus set" responses was plotted as ordinate vs the orientation of the test line. In Fig. 3(A) present in Fig. 3 (B) (the line was rotated between 7.5 and 15deg in either direction from presentation to presentation). The psychometric function was much less steep than in Fig. 3(A) . Orientation discrimination threshold was 12 deg. In Fig. 3 (C & D) a single line was created by switching off one of the two lines in the 0MEAN = 127 deg condition, and subject 2 repeated the experiment just described. The results were similar. Corresponding thresholds were 0.70 and 4.3 deg. The experiment illustrated in Fig. 3 (A-D) was carried out for every value of mean Vee angle tested for both subjects, with the same result in every case.
EXPERIMENT 2
Methods
Purpose. The purpose of Experiment 2 was to find how discrimination threshold (A0)Th for the angle (0) of a Vee varies with 0.
Psychophysical procedure. We used the method of constant stimuli. In Experiment 2 we changed the value of Vee angle by rotating both lines in opposite directions through equal angles as illustrated in Fig. 2(A & B) . The stimulus set consisted of 10 test values of Vee angle (0~ES~) that were equally spaced about a mean value 0UEA~. As in the previous study (Regan & Hamstra, 1992) we were unable to measure discrimination threshold for values of 0~EA~ very close to either 0 or 180 deg, because in these extreme cases the Vees appeared to be single lines ot'different thickness rather than a pair of lines that intersected at different angles. For this reason we restricted measurements to values of 0MEAN between 20 and 160deg. Presentation duration was 1.0 sec. Subjects were instructed to press button 1 if angle 0TEST was larger than the mean of the set of 10 stimuli, and to press button 2 if angle 0VEST was smaller than the mean of the set. Auditory feedback was provided. The mean value of 0 was internalized through practice.
Analysis of data. Data were analysed by plotting the percentage of button 2 presses vs 0VEST and using Probit analysis to estimate theshold (A0)vh defined as (A0)Th=0.5 [(0TEST)75--(0TEST)25], where (0TEST)V5 and (0TEST)25 were, respectively, the values of 0TEST for 75 and 25% button 2 presses of the "0TEST larger than 0MEAN" button. Each data point in Fig. 5(A & B) was based on one psychometric function similar to those shown in Fig. 4(A & B) , and each psychometric function was based on 300 600 button presses.
Results and discussion
In Fig. 4(A) both lines of the Vee were displayed. Otherise, the stimulus was exactly as in Fig. 3(B) , In particular, rotation jitter was the same as for the singleline case of Fig. 3(B & D) . The percentage of "0TEST larger than 0MEAN" responses were plotted vs the values of 0TEST. In Fig. 4(A) , however, the psychometric function was considerably steeper than in Fig. 3(B) . Angle discrimination threshold was 1.0 (SE=0.1)deg in . Angle discrimination threshold was 1.8 (SE = 0.2) deg in Fig. 4(B) .t Next we discuss the implications of our finding that the just-noticable difference in angle can be as low as 1.0 deg. Westheimer (1979, 198 I) gave the name "hyperacuities" to discrimination thresholds that are less than the closest spacing of retinal cones. For a sufficiently short line, orientation discrimination threshold fulfills this definition because the displacements of the ends of the line at discrimination threshold are less than the closest (25arc sec) separation of cones at the foveal center (Westheimer, 1979) . In Experiment 2 above, each of the two lines comprising the Vee moved in opposite directions when creating the just noticeable difference in Vee angle of 1.0 deg. If we take the length of each arm of the Vee as 0.7 deg, this corresponds to the maximum displacement of 22arc sec for each arm of the Vee. Subject 1 repeated the "with rotation jitter" experiment in Fig. 4(A) , but with the mean length of each arm of the Vee reduced from 0.7 to 0.23 deg. The just-noticeable change in Vee angle was 1.46 (SE=0.14)deg. This corresponded to a 10.5 arc sec arc movement of the end of either arm of the Vee. We conclude that discrimination of Vee angle can fit Westheimer's definition of a hyperacuity.
Further to this point, the original meaning of hyperacuity has been extended to sensory coding mechanisms *The evidence for this conclusion was even stronger than may appear at first sight. As mentioned earlier, in Experiment 2 a change of Vee angle was produced by rotating the two arms of the Vee through equal and opposite angles. Therefore, to reach the "with rotation jitter" orientation discrimination threshold for one or the other of the two lines that comprised the Vee, the Vee angle would have to change by twice the "with rotation jitter" orientation discrimination threshold measured in Experiment 1 (i.e. by 24deg for subject 1 and 8.6 for subject 2), and these values were much higher than the corresponding "with rotation jitter" thresholds for Vee angle in Fig. 4 (1.0 and 1.8deg). tThresholds with and without jitter were not significantly different in experiment 2. Discrimination thresholds for Vee angle were as follows. For subject 1 and 0MEAN = 53deg: ( .f. = 8. The reason why "without rotation jitter" and "with rotation jitter" thresholds were the same in the conditions of Experiment 2 is that in Experiment 2 a change in Vee angle was produced by rotating the two arms of the Vee through equal and opposite angles, so that angle discrimination threshold was reached before orientation discrimination threshold was reached for either arm of the Vee. :~In a subsidiary experiment, subject 2 carried out a variant of Experiment 2 in which the stimulus was a pair of lines that intersected at their mid-points. The mean length of each line was 1.4deg. The task was to discriminate the angle of intersection. Results were similar to those shown in Fig. 5(A and B) .
that use broadly-tuned detectors, and for which discrimination threshold is smaller than the tuning bandwidth of the detectors. Orientation discrimination is a wellknown example of a discrimination that fits this broader definition of hyperacuity for long as well as short lines (reviewed in Regan, 1982 Regan, , 1989 and in Morgan, 1991) . Given the roughly 8 deg orientation tuning bandwidth (at half amplitude) of the most sharply-tuned neurons in monkey visual cortex (DeValois, Yund & Hepler, 1982) , angle discrimination threshold falls well within this broader definition of a hyperacuity. In Fig. 5(A & B) , discrimination threshold for Vee angle is plotted as ordinate vs Vee angle over a range of values of Vee between 20 and 160 deg. The lowest value of discrimination threshold was 1.0 (SE =0.1) deg in Fig. 5 (A) and 1.4 (SE=0.2) deg in Fig. 5(B) . The discrimination curve was flat for both subjects:~: any difference between discrimination thresholds for different Vee angles was small. More specifically, difference in angle is smaller at 90 deg than at arbitrary angles*--though this evidence is restricted to the special situation that the subject internalizes the reference angle from a fixed data set with the aid of feedback, and is given sufficient practice trials to stabilize threshold. On the other hand, our evidence does not speak to the question of whether subjects can adjust a variable angle to match a previous presentation of a reference angle considerably more accurately when the reference angle is 90 deg than when the reference angle is arbitrary, and when no feedback is provided.
EXPERIMENT 3
Methods
Purpose. In Figs 4 and 5, the absolute orientations of the arms of the Vee were not available as reliable cues to the task. The purpose of Experiment 3 was to find what use subjects make of the absolute orientations of the arms of the Vee when they are available as reliable cues to the task.
Apparatus and procedure. In Experiment 3 we changed the angle of the Vee by rotating only one line as illustrated in Fig. 2(C & D) . A value of 0MEAN was selected arbitrarily. One run was performed with jitter rotation then one without jitter rotation, then one run with jitter rotation and so on. Each run consisted of 12 repeats of each of 10 values of 0VEST (i.e. 120 responses per run). In all cases, subjects were instructed to press button 1 or 2 depending on whether the Vee angle (0) was larger or smaller than the mean value for the stimulus set. Data with jitter rotation and without jitter rotation were analysed separately. For subject 1, the experiment was carried out for two arbitrarily-chosen values of 0MEAN (53 and 108deg). For subject 2 the experiment was carried out for 0M~.AN = 72 deg.
Results and discussion
For subject 1, mean discrimination thresholds for Vee angle were as follows. [Thresholds in deg with rotation jitter and with no rotation jitter are designated (A0)vh, aJ and (A0)Th, NR J respectively.] 0~EAN = 53 deg: (A0)xh. RJ = 1.1 ! (SE = 0.04); (A0)Th, NRJ = 0.65 (SE = 0.06). 0MEAN = 108 deg: (A0)'rh. kJ = 1.26 (SE = 0.07); (A0)~h, NRJ = 0.58 (SE = 0.02). The mean thresholds with and without rotation jitter were compared using a 2-tailed t-test giving P<0.001, d.f.=8 for both 0MEAN=53deg and 0MEAN = 108deg. Results for subject 2 were as follows. 0MEAN=72deg: (A0)vh, Rj=I.87 (SE=0.16); (A0)Th, NRJ = 0.99 (SE = 0.05). A 2-tailed t-test comparing thresholds gave P <0.01, d.f. = 8. We conclude that subjects do make use of the orientation of one or the other arm of the Vee when these orientations are available as reliable cues to Vee angle.
Let us assume that the "with rotation jitter" discrimination thresholds for Vee angle were achieved by the following sequence of visual processing: (1) the orientations of each arm of the Vee were simultaneously encoded within the visual pathway, then (21) the difference between these two orientations was encoded. We note that a "without rotation jitter" discrimination threshold in this experiment can be regarded as the just-noticeable difference in the orientation of one arm of the Vee in the presence of the second arm of the Vee.t If the visual system loses no information in encoding the difference between the orientations of the two arms of the Vee, then we can assume that the "with rotation jitter" threshold would approximate X/2(A0)~-h. NR. Although the "with rotation jitter" thresholds were not greatly larger than the thresholds predicted on this basis (0.92 vs 1.1,0.82 vs 1.26 and t.40 vs 1.82 respectively for the three cases 0MEAN= 53deg, 0M~:AN= 108deg and 0MEAN = 72 deg) these differences were, nevertheless, statistically significant (P < 0.05, d.f. = 8,. P < 0.001, d.f. = 8 and P < 0.05, d.f. = 8 respectively).
*To further test whether discrimination threshold for a 90deg Vee angle was significantly different from discrimination for a Vee angle other than 90deg, we compared discrimination thresholds for a 90deg Vee angle and an arbitrary angle (145 deg). Ten runs for 90 deg and 10 runs for 145 deg were interleaved. Each run consisted of 120 responses, giving a total of 2400 responses. Each run gave one psychometric function, and an estimation of discrimination threshold was obtained from each psychometric function, l:or subject 1, thresholds were 1.13 (SE = 0.04) deg for 90 deg and 1.44 (SE = 0.06) deg for 145 deg. Although the threshold for 145 deg was only 27% higher than fi)r 90 deg, the difference was significant (t = 3.76, P < 0.01, d.f. = 18). Corresponding thresholds for subject 2 were 1.96 (SE = 0.17) deg and 2.64 (SE = 0.15) deg. Again, although the threshold for 145 deg was only 35% higher than for 90 deg, the difference was significant (t = 3.07, P < 0.01, d.f. = 18). tWhen one or the other arm of the Vee was presented in isolation, orientation discrimination threshold was somewhat lower than orientation discrimination threshold for one arm in the presence of the second arm of the Vee. For subject 1, orientation discrimination threshold for one arm of the Vee presented in isolation was as follows (mean threshold for the two arms are given 
GENERAL DISCUSSION
In Experiments 1 and 2 we showed that the angle of a Vee can be discriminated with high precision, even when no reliable cue to the task is provided by the orientation of either of the two straight lines that comprise the Vee. We conclude that the ability to discriminate the angle of a Vee is quite distinct from the ability to discriminate the absolute orientation of either of the two lines that comprise the Vee.
Our findings on angle discrimination threshold bears on the general question of whether the hyperacuity information that is known to be available for simple spatial discriminations (line orientation discrimination in the present case) is also available for more complex spatial discriminations. In the case that angle discrimination is the more complex discrimination, this would seem to be the case.
We propose that the human visual pathway contains a neural mechanism that encodes the difference between the orientations of two lines, and that this mechanism is quite distinct from the previously-proposed opponentorientation mechanism (Westheimer et al., 1976; Regan & Beverley, 1985) that encodes the orientation of a single line in terms of the relative activity of orientationtuned neurons and underlies classical orientation discrimination threshold for a single line.
In terms of the simple sequential processing model of Vee angle discrimination that we discussed earlier, a statistically-significant amount of information is lost when the difference in the two arms of the Vee is encoded. Nevertheless, when viewed in the context of the 14-26 deg bandwidth of the most sharply-tuned neurons in primate VI cortex, the 1.0-1.4deg discrimination threshold for angle is scarcely less remarkable than the much-discussed 0.2-0.8 deg orientation discrimination threshold for an isolated single line.
Note added in proof
While this paper was in press, Snippe and Koenderink (1994) published a report on human visual discrimination of 2D fronto-parallel angles. Although their angles were defined by bright dots at the ends of invisible lines rather than by continuous bright lines as in our case, their main results and conclusions were essentially the same as reported here.
